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Abstract 
The mountain pine beetle epidemic has resulted in a considerable volume of wood 
fibre becoming available in the province of British Columbia. The epidemic, 
combined with the provincial downturn in the forest industry, has encouraged steps 
to diversify the forestry-based economy of the central interior of British Columbia. 
Through a review of available literature supplemented with information obtained 
through the author's employment, global charcoal production and consumption was 
explored to determine the opportunities and challenges that exist for the production 
of charcoal from various wood fibre sources. Challenges and opportunities include 
the availability of biomass feedstocks, domestic market demand, production 
technology, and funding. It is recommended to investigate further the use of 
portable pyrolysis technology for access to fibre in remote locations. However, 
further work is required to examine the overall economics of accessing the fibre and 
production operations. 
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Glossary of Terms 
Activated Charcoal- A form of carbon that is treated with oxygen to make it 
extremely porous and thus have a very large surface area available for 
adsorption or chemical reactions. 
Annual Allowable Cut- Commonly referred to as the AAC, is the amount of wood 
permitted to be harvested from a specified area within the Province in a one 
year period. 
Carbon Anode - In aluminum smelting, carbon anodes are part of the electrical 
pathway through the reduction cell, as well as being consumed in the 
chemical reaction which converts alumina to aluminum 
Beehive Burner- A free-standing conical steel structure ranging from 30 to 60 feet 
in height, named for its resemblance to a beehive. Beehive burners are used 
to dispose of waste wood and sawdust from sawmills via burning. As a 
result, a large quantity of smoke and ash is produced and vented directly into 
the atmosphere. The burners are considered to be a major source of air 
pollution. 
Biomass Gasification- Technologies that gasify biomass, turning it into methanol 
or synthetic natural gas. 
vii 
Bio-oil-Low viscosity, dark-brown fluid with up to 15 to 20% water formed from 
fast pyrolysis. 
Charcoal - Black, porous material, containing 85 % to 98 % carbon, derived from 
wood or woody biomass by heating in airtight ovens or retorts, chambers 
with various gases, or in kilns supplied with limited and controlled amounts 
of air. Heating the biomass by either of these methods breaks it down into a 
number of components including non-condensable gases, a watery tar 
mixture, and solid carbon - more commonly known as charcoal. 
Cutblock- A specific area, with defined boundaries, authorized for harvest. 
Decolourizing- process by which activated charcoal is used to adsorb coloured 
impurities from liquids. 
Fast pyrolysis- Thermal conversion of biomass through rapid heating at a 
temperature greater than 450 C in the absence of oxygen to produce pyrolysis 
vapour. The evolved vapour is then cooled down to room temperature to 
obtain bio-oil. Thermal energy, electricity, non-condensable gases, and 
charcoal are by-products. 
Non-condensable gases- Carbon monoxide (CO), carbon dioxide (C02), methane 
(CH4), and ethane (C2H6). 
viii 
Pyroacid - An acid obtained by subjecting another acid to the action of heat. 
Pyrolysis -Thermal conversion of biomass with heat alone in the absence of oxygen 
to produce liquids, char, and gas. 
Retort - An airtight vessel in which substances are heated for a chemical reaction 
producing gaseous products to be collected in a collection vessel or for 
further processing. Such industrial-scale retorts are used in shale oil 
extraction and the production of charcoal. 
Slow pyrolysis -Thermal conversion of biomass to fuel by slow heating to less than 
450 C in the absence of oxygen to produce charcoal. 
Uplift- In this case, used in reference to elevated levels of annual timber harvest 
(annual allowable cut) used to expedite the harvest of mountain pine beetle 
killed timber. 
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1 Introduction 
The mountain pine beetle epidemic has resulted in a considerable volume of wood 
fibre becoming available in the province of British Columbia over a very short 
timeframe. The beetle epidemic combined with the poor economic conditions of the 
latter half of this decade have spurred the Government of British Columbia to 
actively encourage the diversification of the forestry-based economy of the central 
interior of British Columbia. This project explored global charcoal production and 
consumption to determine the potential of charcoal produced from wood fibre in 
central interior of British Columbia. 
To date, the government's actions include supporting bioenergy initiatives and 
expanding markets for provincial solid wood and pulp and paper producers. The 
ultimate goal is to reduce the forest industry's reliance on the United States export 
market for importing forest products produced in British Columbia. This includes 
diversifying the forest industry into previously unexplored or fully-exploited 
markets to lessen the cyclic nature of industry profitability. 
Table 1 on the following page lists products considered for economic diversification 
and/or expansion by the Government of British Columbia. However, the 
production of charcoal is conspicuously absent. This suggests strategic factors exist 
that are constraints on the development of charcoal production in British Columbia. 
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One of the challenges of this project was to identify these strategic factors and to 
determine if or how the associated forces may be used or altered to create a 
competitive advantage. 
- Treated lumber 
- Engineered wood products 
- Shakes and shingles 
- Posts and poles 
- Log and timber framed homes 
- Other finished and semi-finished goods 
11 .. 1 ~:tl : • • • 0 0 • :ili ilffiit'l 
- Building system solutions such as cross-laminated 
timber construction 
- Cellulose bio-chemical products: 
- Bio-active paper 
- Carbon black from lignin 
- Alternative energy solutions: 
- Wood pellets 
- Co-generation 
- Ethanol 
- Bio-diesel 
- Syngas 
- Dimethyl ether 
Table 1. Products Identified For Diversification and/or Expansion1 
Upon completion of this introduction, the objectives of this project are presented. 
Having established the objectives, a brief summary of the importance of this study is 
provided followed by an explanation of the secondary research methodology used. 
The literature review begins with a description of the challenges faced by the British 
Columbia forest industry followed by a summary of charcoal production and 
producers identified in Canada, including noted failures. The review then proceeds 
to summarize charcoal production processes, technology, and emissions. Once the 
1 (B.C. Ministry of Forests and Range 2009c) 
2 
processes and technology are explained, the focus shifts to the market demand for 
charcoal, including international trade and production, domestic trade, and 
products produced from charcoal. Having established the market and demand for 
charcoal, the availability of feedstocks is explored including types, distribution, and 
supply. It is here that wood fibre is identified as the primary biomass available for 
charcoal production. Having established wood fibre as the primary feedstock, the 
various sources, costs, and competing demands are summarized. Next, government 
policy in British Columbia that may have an influence on the production of charcoal 
is described. The literature review concludes with a summary discussion of 
available funding for charcoal production in British Columbia. 
Once the literature review is complete, the analysis of the data gathered during the 
literature review is provided followed by a discussion of the analysis. The results of 
the literature review are compiled into two figures using Porter's Five Competitive 
Forces and PEST techniques for strategic analysis. It is here that the task 
environment forces and the societal environment forces are evaluated as to whether 
they present opportunities or challenges to establishing charcoal production in the 
central interior of British Columbia. The discussion of the opportunities and 
challenges of charcoal production focuses on the categories of wood biomass 
availability and competition, the Canadian domestic marketand associated 
products, outdated technologies and production processes, and finally, the funding 
3 
opportunities available to those wishing to pursue charcoal production in British 
Columbia. 
Following the discussion, the conclusion provides a summary discussion of the 
project objectives. Namely, what has prevented prior establishment of a charcoal 
industry in British Columbia, the suitability of charcoal production as a standalone 
enterprise, and charcoal production as a viable means of disposing of mill wastes 
now that beehive burners are being phased out. 
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1.1 Objectives 
This project will explore global charcoal production and consumption to determine 
the strategic fit for charcoal produced in the central interior of British Columbia. 
The main objective of this project is to explore or examine the opportunities and 
challenges that exist for the production of charcoal from various biomass sources. 
The project attempts to answer the following questions: 
1. What has prevented the prior establishment of a charcoal industry in British 
Columbia? 
2. Is a charcoal facility sustainable as a standalone operation or is it viable only 
as a support structure to a larger sawmilling operation for disposal of mill 
wastes? 
3. Is it a viable alternative for disposing of mill wastes when competing with co-
generation, pulping, and pellet facilities for fibre? 
1.2 Importance of This Study 
This work is important to the people and communities of the central interior of 
British Columbia as both are highly dependent upon the province's forests and the 
associated forest industry. The recessionary events of the last half of this decade 
threaten the long-term viability of many communities. Therefore, a search for 
alternatives to the traditional solid wood and pulp and paper industries are 
5 
required in order to identify employment opportunities and to anchor interior 
communities. The challenges faced in this search include finding realistic and 
practical solutions for economic development that will provide for the long-term 
economic sustainability of communities in central British Columbia. 
1.3 Methodology 
The project was conducted through a review of available descriptive, technical, and 
statistical literature. This information was supplemented with non-proprietary 
information obtained in the course of the author's normal employment activities. 
The project followed a progression of research using methods for scanning the 
societal and task environments identified by Hunger and Wheelen (2007). This 
included an analysis of the political-legal, economic, sociocultural, and technological 
(PEST) forces, and Michael Porter's Five Competitive Forces approach to industry 
analysis. The PEST analysis involves scanning the societal environment to identify 
general forces that may not directly affect the short run activities of an organization 
but can influence long-term decision making (Hunger and Wheelen 2007). The 
Porter's Five Competitive Forces analysis is used for analyzing the task environment 
to identify those forces that directly affect an organization and influence the 
intensity level of competition within the organization's industry (Hunger and 
Wheelen 2007). These forces include the threat of new entrants, bargaining power of 
6 
buyers, threat of substitute products or services, bargaining power of suppliers, and 
the level of rivalry between firms. 
When performing an analysis of the variables identified from the literary research, 
the information was compiled into two figures. The first figure was constructed 
using Porter's Five Competitive Forces approach to industry analysis to identify the 
forces driving competition in the task environment (Appendix C). The second 
figure is the PEST analysis of the variables present within the societal environment 
(Appendix D). 
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2 Literature Review and Results 
2.1 Challenges Faced By the British Columbia Forest Industry 
The forest industry in British Columbia faces significant challenges. In the United 
States, single and multi-family housing starts for 2008 were the lowest recorded 
since prior to 1958 (U.S. Census Bureau 2008). Solid wood exports from British 
Columbia to the United States were valued at US $3.2 billion for 2008, down 28% 
from 2005 and the lowest recorded since prior to 1999 (Schrier 2009a). According to 
the Ministry of Forests and Range Annual Report for 2008/09 (2009a), forestry as a 
proportion of total gross domestic product was down 2.0 % from 2007 to 2008. 
Directly supported jobs were down 23% and close to 48 mills have permanently or 
indefinitely closed impacting approximately 10,000 mill workers. Further to this, 
the unemployment rate in British Columbia rose to 8.1% in January 2010 versus 
6.3% a year earlier (BCStats 2010). 
2.2 Charcoal Production in Canada 
2.2.1 Canadian and British Columbia Producers 
Only one company was identified in British Columbia as producing charcoal as a 
primary product. Similar to most of the companies identified, it is only at a 
demonstration level (Alterna Biocarbon 2009). The one other active primary 
charcoal manufacturer found in Canada is producing lump charcoal from hardwood 
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(Miles 2009). A market study on the potential of producing activated charcoal from 
mountain pine beetle killed in British Columbia did not identify even one North 
American manufacturer of wood-based activated charcoal, with imports primarily 
from China (Chow and Dai 2008). The difficulty in tracking down detailed 
information on charcoal producing companies suggests that production is carried 
out by small, privately held companies, is highly localized, or that charcoal is a by-
product of another manufacturing process. 
There are a number of companies, however, who are working on the 
commercialization of fast pyrolysis technologies for bioenergy that have charcoal as 
a by-product (Miles 2009). Ensyn Technologies Inc. (2009) claims its process is the 
only technology to have operated on a long-term commercial basis in the world. 
Table 2 on the following page contains a detailed listing of identified charcoal 
production and technology companies in Canada. 
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Compa ny Name & Location Description 
Agri-Th 
Altern a 
George, 
erm Inc. (Ontario) 
BioCarbon (Prince 
BC) 
Advanc ed BioRefinery Inc 
o) (Ontari 
Developing portable & stationary equipment for producing bio oils 
& products from agricultural residues and transition crops. 
Demonstration plant producing charcoal for energy pellets, 
bioenergy, activated charcoal, mercury capture, & biochar. 
Conducts work on the research & commercialization of the pyrolysis 
process to produce bio oil, non-condensable gases, & charcoal from 
waste biomass. 
Basque' s Hardwood Charcoal, Division of a hardwood lumber company makes charcoal from 
a divisi on ofLe Groupe Felix 
Quebec) Huard ( 
Biz-Solu tions, LLC (Utah) 
primarily sugar maple used in copper smelting, horticultural soil 
mixes, & food grilling. 
Based in Canada & the U.S., developing a pyrolysis system to 
produce electricity, biochar, & bio oil. 
Dynam otive Energy Solutions Energy solutions provider uses fast pyrolysis technology to produce 
(Vancou ver, BC) 
Ensyn T echnologies Inc. 
o) (Ontari 
bio oil & biochar. 
Designed, built, & commissioned seven commercial plants in the 
U.S. & Canada. Generates bio oil with charcoal & non-condensable 
gases as by-products from residual forestry or agricultural biomass 
Table 2. Identified Canadian Charcoal Developers and Producers2 
2.2.2 Noted Failures 
Twoun successful endeavours in charcoal production have been noted. First, 
Riversi de Carbon Products Inc. failed to finalize two charcoal briquette production 
facilitie s (CDN $10 million each) in the Bulkley Valley of west-central British 
Columb ia in the late 1990s (Stirling 1997). The reasons behind the failure are not 
clear as current or historic records of Riverside Carbon Products or its parent 
com pan y were not found to explain the failure. The second failure was The Clorox 
2 Table pr epared by author (Advance BioRefinery Inc. 2008, Agri-Therm Inc. 2010, Alterna Biocarbon 
ques Hardwood Charcoal2009, Biz-Solutions 2009, Dynamotive Energy Solutions 2009, 
chnologies Inc. 2009) 
2009, Bas 
Ensyn Te 
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Company of Canada closing its briquette plant in Moose Jaw, Saskatchewan in 2001. 
In this case, the plant was closed to consolidate production and distribution and 
reduce costs (Business Wire 2001). 
2.3 Charcoal Production Processes and Technology 
There is essentially one chemical process (pyrolysis) which yields wood charcoal. 
However, the temperature in which the process takes place (slow or fast pyrolysis) 
differentiates whether the charcoal is the primary product (slow pyrolysis) or a by-
product (fast pyrolysis). According to the FAO publication Industrial Charcoal 
Production (Trossero, Domac and Siemons 2008), most modern industrial charcoal 
production makes use of retorts for slow pyrolysis. Numerous retort methods exist 
(Table 3- following page) but most have been developed by charcoal producers 
themselves, with few offered commercially. Information was not available to 
determine if this was due to processes being of a proprietary nature or from 
companies choosing not to offer systems for sale. 
2.3.1 Charcoal Production 
There are generally three heating concepts used in the industrial production of 
charcoal by slow pyrolysis. It is done either through internal heating, external 
heating, or by gas recirculation (Antal and Gmnli 2003). Besides the manner in 
which heating of the feedstock is conducted, these systems differ in the level of 
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manual labour required, production scale, emissions, homogeneity requirements for 
feedstock, and scalability of operations (Antal and Gmnli 2003; Gmnli n.d.; Trossero, 
Domac and Siemons 2008). Table 3 provides a summary of the differences among 
the most common processes. 
Type Heating Process Size (m3) Cyde Yields* Production 
Method !%! !tonnes£:tr!** 
Missouri Kiln Internal Batch 180 or 7-30 5-30 N/A 
more days 
Carbo Twin Retort External Semi - 5 4 hrs N/A 900 
continuous 
VMR (no longer in use) External Semi - 4.5 8 - 12 hrs 30-32 7000 
continuous 
CML Retort Internal Semi- 16.5 22-24 22-24 3000 
continuous hrs 
Cal usco/Waggon Retort External Semi- 12 25-35 N/A 6000 
continuous hrs 
Degussa Retort (Reichert Retort) Gas Batch-fed 100 16-20 34 24000 
Recirculation Retort hrs 
Lurgi Gas Continuous N/A N/A N/A 27000 
Recirculation 
Lambiotte Retort Gas Continuous N/A N/A N/A 25000 
Reci rcul ati on 
*dependent on feedstock 
**determined by the number or size of kilns/retorts 
N/A =Not available 
Table 3. Industrial Charcoal Production Processes3 
For internal and external heating processes, the physical structure of the kiln or 
retort is relatively small compared to gas recirculation processes. The productivity 
of internal/external heating processes is usually scaled up by adding more kilns or 
retorts along with increasing levels of manual labour and heavy equipment, 
3 Table prepared by the author (Antal and Gmnli 2003; Gmnli n.d.; Trossero, Domac and Siemons 
2008) 
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whereas gas recirculators can be built larger and are the most technically advanced 
of the three processes. It should be noted that despite their larger size, gas 
recirculators may not be able to handle large, logged feedstock. 
Antal and Gmnli (2003) stated that much remained to be learned before a modern 
process could be designed optimally that would minimize labour inputs and 
maximize the efficient use of the feedstock. Further review of available literature 
determined that more modern industrial scale techniques for the carbonization of 
logged feedstocks have not been developed, as supported by Pelaez-Samaniego et 
al. (2008). However, research in developing small-scale retorts (Adam 2009) and 
processes operating under pressurized conditions to improve efficiency and 
emissions (Syred et al. 2006) were identified. 
2.3.2 Fast Pyrolysis and Biomass Gasification 
Most of these processes are at pilot or pre-commercial stages; however two 
exceptions were noted (BIOCAP CANADA 2008). Dynamotive Energy Solutions 
has market ready, bench-scale systems that will process up to 200 tonnes per day of 
biomass (Dynamotive Energy Solutions 2009). Ensyn Technologies Inc. has a plant 
that will process 100 tonnes per day and projects underway 5 to 10 times that size 
(Ensyn Technologies Inc. 2009). 
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2.3.3 Emissions 
The emissions from wood charcoal production are dependent on the type of system 
used and whether the systems are fitted with emission control devices. Emissions 
such as carbon monoxide, carbon dioxide, methane, and ethane, pyroacids, tars and 
heavy oils, and water are generated by the charcoal production process (Sohi et al. 
2009; Midwest Research Institute 1995; Trossero, Domac and Siemons 2008). 
However, as the extent of combustion during pyrolysis varies from process to 
process, emission levels are quite variable (Midwest Research Institute 1995). It was 
noted that emission problems more commonly associated with wood charcoal 
production are odour and dust (FAO Forestry Department 1985). 
Compared to the emissions of fossils fuels, charcoal has some definite benefits. 
Biomass contains very little sulphur; therefore sulphur dioxide emissions are 
negligible (BIOCAP CANADA 2008). Relative to fossil fuels, biocarbons are very 
low in nitrogen and low in ash (Antal and Gmnli 2003). 
The potential carbon neutrality of charcoal production (and bioenergy and biofuels 
in general) needs to be carefully examined. It has been argued by Johnson (2009) 
that it cannot be assumed that a process that combusts biomass is inherently carbon 
neutral. In order to be carbon neutral, the process needs to carefully measure for 
changes in greenhouse gas emission sources and sinks. Johnson (2009b) completed 
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a carbon footprinting of charcoal grills versus liquefied petroleum gas (LPG) grills 
used in the United Kingdom and found that LPG grills had a footprint that was one-
third that of charcoal grills when wood is harvested for the express purpose of 
charcoal production (Figure 1). However, according to Johnson (2009b), 80% of 
charcoal in the U.K. is imported from developing countries using simple, high 
emissions kilns. The study did note that if charcoal were produced from waste 
wood or other biomass wastes, the footprints of the two fuels are approximately the 
same. 
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Figure 1. Size Comparison of the Carbon Footprints of Charcoal and LPG Grilling4 
Continuous and semi-continous production processes are considered more 
amenable to emission control than batch kilns (Midwest Reserch Institute 1995). 
Batch kilns typically do not have emission control devices but may be fitted with 
after-burners (Antal and Gmnli 2003; Midwest Reserch Institute 1995). Emissions 
4 Gohnson 2009b) 
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from semi-continuous and continuous charcoal systems are also controlled with 
afterburners where the heat is used to fire the carbonization process (Antal and 
Gmnli 2003; Gmnli n.d.). Afterburning is estimated to reduce emissions of 
particulate matter, carbon monoxide, and volatile organic compounds by at least 
80% (Midwest Reserch Institute 1995). Cyclones, which are commonly used for 
product recovery, also reduce particulate matter emissions from continuous kilns 
(Midwest Reserch Institute 1995). 
According to the Midwest Research Institute (1995), charcoal briquetting is also a 
potential source of emissions. The crushing, screening, and handling of the dry, raw 
charcoal may produce particulate matter. In addition, briquette pressing and drying 
may be a source of volatile organic compound emissions, depending on the type of 
binder and other additives used. 
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2.4 Market Demand for Charcoal 
2.4.1 International Production and Trade 
The world market for charcoal appears extensive. An overview of the world trade 
in forest products and wood fuel by Hillring (2006) found that from 2000 to 2002, an 
average of 41 million tonnes of charcoal was produced, primarily in Africa and 
South America (Table 4- following page). According to Enecon Pty Ltd of Australia 
(2009), Brazil is the world's largest charcoal user, consuming millions of tonnes each 
year of locally produced charcoal in the domestic steel industry. In 1998, the 
Norwegian ferrosilicon industry imported between 70,000 and 100,000 tonnes of 
wood charcoal to reduce silica to silicon (Antal and Gmnli 2003). More recently, the 
world trade in fuel wood (excluding wood wastes) and wood charcoal in 2005 
totalled US$ 1.14 billion with North America, Europe, and Asia having combined 
net imports of US$ 311 million (Table 5- following page). Chow and Dai (2008) 
noted that business for North American activated charcoal manufacturers was quite 
prosperous as import restrictions had been placed on activated charcoal corning 
from China. 
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Table 4. World Production of Wood Charcoal by Region ('000 Metric Tonnes)5 
Region 
Africa 
South & Central America 
FomerUSSR 
Oceania 
Asia 
Europe 
North America 
Total 
Exports 
$126,746 
$97,212 
$119,248 
$5,466 
$210,534 
$523,854 
$52,728 
$1,135,788 
Imports 
$18,410 
$11,718 
$4,702 
$2,182 
$246,274 
$780,494 
$72,008 
$1,135,788 
Net 
$108,336 
$85,494 
$114,546 
$3,284 
-$35,740 
-$256,640 
-$19,280 
Table 5. World Trade in Fuel Wood (excluding wood waste) and Wood Charcoal- 2005 ('000 $US)6 
s (Hillring 2006, 817) 
6 Table prepared by the author with data sourced from Statistics Canada via Trade Analyser @ CHASS, 
University of Toronto 
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2.4.2 Domestic Trade 
A review of import and export data found that Canada had net charcoal imports 
worth CDN $8,457,389 in 2008. Of this, charcoal briquettes constitute the greatest 
proportion at CDN $6,944,300 (76%). The United States is the primary exporter of 
wood charcoal to Canada with 7 4% of Canada's total imports. Canada does export 
wood charcoal, though not in briquette form. Valued at CDN $659,593 in 2008, 97% 
went to the United States. See Tables 7, 8, and 9 in Appendix A for a detailed 
breakdown of Canadian charcoal imports and exports. 
British Columbia was a net importer of charcoal in 2008 as well. Total imports 
equalled CDN $470,070 with the United States as the primary exporting nation at 
CDN $358,375 (76%). Exports from British Columbia equalled only CDN $3000 with 
the entire amount going to Australia. Similar to the rest of Canada, British 
Columbia imported primarily charcoal briquettes (49%). See Tables 10, 11, and 12 in 
Appendix A for a detailed breakdown of British Columbia charcoal imports and 
exports. 
2.4.3 Products from Charcoal 
A number of products and uses exist for wood charcoal. These are divided between 
two recognized markets, namely the industrial and the domestic (Industrial 
Charcoal Making 1985). Figure 4 in Appendix A provides a detailed listing of the 
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various industrial products and markets for wood charcoal. In domestic markets, 
wood charcoal is used primarily as a cooking fuel. The following discussion is of 
those products that were most prevalent in the current literature reviewed. 
Briquette and Lump Charcoal 
According to Fung et al. (2002), charcoal briquettes are made primarily for cooking 
and heating purposes. This is accomplished through the use of binders to 
agglomerate and hold fine charcoal particles together with the use of high 
throughput roll presses or cylinder extruders. However, the use of binders is not 
required if the briquettes are made by carbonising pre-formed wood. 
While charcoal briquettes have value mainly in the domestic market, lump charcoal 
is a valuable product for industrial processes such as iron- and steel-making 
(Winsley 2007), as well as a specialty product made primarily from hardwoods for 
cooking use at home as well as charbroiling in restaurants (Basques Hardwood 
Charcoal2009; FAO Forestry Department 1985; USDA Forest Service 1961). 
According to Thomas and Schumann (1993), lump charcoal does have some 
advantages over briquettes. It is an all-natural hardwood product without the 
additives used to make briquettes that can taint food. Lump charcoal can be lit with 
just a match and a piece of newspaper eliminating the need for lighter fluid. It also 
heats faster so food can be cooked sooner. Natural hardwood charcoal retains heat 
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longer than briquette charcoal, and it is a more efficient fuel: 1 pound of hardwood 
charcoal produces heat roughly equivalent to 2 pounds of briquette charcoal. 
Activated Charcoal 
According to Chow and Dai (2008) there are two major types of activated charcoal 
products: wood-based and coal-based. Water filters made for treating drinking 
water are constructed from coal and to a lesser extent; nut shell-based charcoal. 
Wood-based activated charcoal is used mainly for decolourizing, refining, and 
deflavouring food, cosmetics, and pharmaceutical products. Wood-based activated 
charcoal water filters are used in the treatment of waste water. 
Chow and Dai (2008) identified a number of constraints for the use of activated 
wood charcoal. These constraints include the poor availability of wood for 
processing and the extra chemical treatment required to activate the wood charcoal 
in comparison to coal and other materials. In addition, water-filtering charcoal must 
have a wide range of pore sizes in order to accommodate an unpredictable size 
distribution of particulate material. Therefore, coal-based activated charcoal, with 
its fairly high volumes of both micropores and macropores, is deemed superior for 
water filtering. On the other hand, wood-based activated charcoal has a low volume 
of micropores, making it the first choice for decolourizing. 
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Charcoal as a Reductant 
Charcoal is used extensively as a reductant for silicon, particularly in Australia and 
Norway (Antal and Gmnli 2003; CSIRO 2000). Charcoal contains virtually no 
sulphur or mercury. Relative to fossil fuels, charcoal is low in nitrogen and ash. 
These properties make it desirable in the production of silicon (Antal and Gmnli 
2003). 
Biocoke 
Light Metals Flagship researchers are investigating the possible production of a 
dense biocoke made from charcoal as a sustainable alternative to the use of 
petroleum coke in carbon anodes for aluminum smelting (CSIRO 2008). According 
to Light Metal Flagship, the aluminum industry relies on petroleum coke and coal 
tar pitch to produce high-quality, dense carbon anodes. However, declining coke 
quality, security of supply, and environmental concerns threaten the quality of 
aluminum production and is driving the development of alternative sources of 
carbon (CSIRO 2007b ). As of May of 2008, the researchers were awaiting test results 
from samples of biocoke submitted for industry trials. 
Energy Pellets 
According to Alterna Biocarbon (2009), the limitation of biomass as a source of 
bioenergy is its low energy density which restricts its economic distribution (or in 
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other words the distance it can be profitably shipped). Alterna Biocarbon claims 
that its system converts biomass into energy pellets with an energy density similar 
to coal and approximately 70% higher than wood pellets. However, a serious 
disadvantage in the use of charcoal for energy is that the conversion process entails 
a potential fuel yield that is only about 49% or less of the energy content of the 
original wood (Zerbe 2006). 
Biochar 
Biochar is a soil amendment that may improve soil function and serve as a means of 
carbon sequestration (Verheijen et al. 2009). According to Ogawa et al. (2006), 
making biochar from waste biomass could sequester 20-50% of the total carbon 
originally present in the original biomass. 
There are obstacles to its widespread use, however. Research is on going to 
determine the long-term effects of biochar application (Verheijen et al. 2009). Sohi et 
al. (2009) noted that since biochar could be used on a wide scale and cannot be 
removed from soil once applied, potential negative impacts in occupational health, 
environmental pollution, water quality, and food safety need to be assessed. Where 
biochar is designated as a regulated waste material in the absence of approved 
standards, users may be subject to a complex and expensive approval process. The 
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literature review did not identify government approvals (provincial or federal) for 
the widespread application of biochar in Canada. 
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2.5 Distribution and Supply of Biomass Feedstocks 
Biomass feedstocks for the production of charcoal can come from a number of 
sources. In British Columbia these could include municipal solid waste, sustainable 
agriculture, sustainable forestry, and additional wood fibre from mountain pine 
beetle killed wood. Table 6 below lists potential bioenergy feedstocks which could 
be adapted for charcoal production. It should be noted that the table is not 
considered a comprehensive inventory, which is still required. 
Biomass Feedstock Resource Size (dry t/yr) %of Potential 
Municipal Solid Waste 
MSW 948,450 2.90% 
Sustainable Agriculture 
Crop residues 143,901 0.40% 
Livestock manure 388,426 1.20% 
Biomass Crops on summer fallow land 147,060 0.50% 
Biomass Crops on new /converted land 2,587,118 8.00% 
TOTAL SUSTAINABLE AGRICULTURE 3,266,505 10.10% 
Sustainable Forestry 
Forest residues 11,940,429 36.90% 
Enhanced silviculture for traditional forest products 1,194,043 3.70% 
Enhanced silviculture for bioenergy plantations 3,980,143 12.30% 
TOTAL SUSTAINABLE FORESTRY 17,114,615 52.90% 
Mountain Pine Beetle: A Temporary (20 yr) Resource 
Residue from increased AAC to harvest dead pine 2,353,882 7.30% 
Whole tree harvest of non-recoverable pine (a) 8,660,736 26.80% 
TOTAL MPB FOR BIOENERGY 11,014,618 34.10% 
TOTAL POTENTIAL 32,344,188 100.00% 
(a) Calculated from BC government estimates for excess MPB wood of 358 Mm3 (about 193 
Mt(dry)), where 90% of this caul d be harvested over a 20 year period to give an estimate of 8.7 
Table 6. Bioenergy Feedstock Potential of British Columbia7 
7 (BIOCAP CANADA 2008) 
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2.5.1 Municipal Solid Waste and Agricultural Biomass 
According to BIOCAP CANADA (2008), waste wood can be collected in municipal 
areas from construction and demolition operations or obtained from landfills or 
waste sort centers. As demonstrated in Table 6, municipal solid waste represents 
less than 3% of available feedstocks, of which waste wood is only a portion. 
Agricultural biomass could be obtained from farmers or breeders but it is in 
volumes even lower than municipal solid waste. Biomass crops on new or 
converted land are only an estimate and do not represent what was necessarily 
available in 2007 as the estimate was based on proposals to convert mountain pine 
beetle killed stands to other crops. 
2.5.2 Wood Fibre 
Wood fibre availability is generally divided amongst three broad categories: sawmill 
residuals, forest residuals, and standing timber. The vast majority of the forested 
land base in British Columbia is provincial Crown land. However, securing wood 
and wood residues is not always easy as existing forest tenure holders and mill 
owners hold the majority of long-term logging rights (BIOCAP CANADA 2008). 
The most readily available tenures are Timber Sale Licenses (TSLs) from BC Timber 
Sales through which approximately 20% of the allowable cut is available for tender 
to private registrants. However, TSLs only carry terms of up to 4 years, range 
considerably in the amount, location, and type of timber volume offered and 
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registrants are limited to holding no more than three TSLs at a time. Recently, BC 
Timber Sales has offered lump-sum TSLs in mountain pine beetle affected areas in 
an effort to market non-sawlog or low value fibre but the same constraints as 
identified above exist. 
It is important to note that while most of the annual allowable cut is allocated, not 
all of the wood fibre is utilized. The BC Bioenergy Strategy (B.C. Ministry of 
Energy, Mines and Petroleum Resources 2008) estimated that about 1.2 million 
bone-dry tonnes (bdt) of mill residues are incinerated annually in beehive burners 
around province. This represents about 7% of the total available biomass from 
sustainable forestry practices identified in Table 6. In addition, 20 to 50% of trees 
harvested are usually left on cutblocks (BIOCAP CANADA 2008). This is due to 
tree rot, log sizes that are outside of utilization standards for sawmills, or fibre that 
is uneconomical to haul to facilities for processing. Other potential sources of 
unused fibre may come from road clearing, site preparation, early tree removal, and 
tree stand establishment (B.C. Ministry of Energy, Mines and Petroleum Resources 
2008). 
Other unique sources of fibre are beginning to present themselves. The Northwest 
BC Forest Coalition (2009) has made available 2.7 million cubic metres of 
uncommitted annual timber harvest, of which 1.04 million cubic metres is pulp 
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wood that may be suitable for wood charcoal production (Table 13, Appendix A). 
The coalition has noted that this volume does not include the potential for 
additional biomass that could be accessed in the region. BIOCAP CANADA (2008) 
also noted that it is possible to grow trees specifically for bioenergy use. However, 
the report also suggests that the economics of such operations may not be 
favourable in BC. 
2.5.2.1 Fibre from Mountain Pine Beetle 
The low moisture content and price of mountain pine beetle wood appear to make it 
ideal for making charcoal (Chow and Dai 2008). The mountain pine beetle 
infestation in the central interior of British Columbia has resulted in a large volume 
of biomass becoming available for the BC forest industry. Walton (2009) projects 
62% to 81% mortality in provincial pine units by 2019 with the majority of the 
infestation expected to subside by that time. 
The increased annual allowable cuts to remove beetle-killed timber are only a 
temporary source of biomass and are projected to decline but there is disagreement 
on when this will occur. The BC Bioenergy Strategy states that mountain pine beetle 
killed wood is available for approximately 20 years (B.C. Ministry of Energy, Mines 
and Petroleum Resources 2008). However, the estimate may be optimistic because it 
does not account for possible losses to fire or wind or that at the current rate, 
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available pine will be harvested by around 2014 (BIOCAP CANADA 2008). This 
would seem to be the case as the provincial government recently revised the 
availability of 20-year bioenergy tenures from 3.9 million cubic metres in 2007 (Table 
14, Appendix A) to 1.55 million in 2009 (Table 15, Appendix A). While at the same 
time, the locations of these tenures have become generally more remote, with most 
of the volume located west of Alexis Creek (Williams Lake) or north of Fort St. 
James (Figure 2- following page, Table 15). 
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Figure 2. Bioenergy Harvesting Opportunities8 
8 (B.C. Ministry of Forests and Range 2009b) 
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Sinclair (2009) included a projection of the net available biomass in the Prince 
George and Mackenzie Timber Supply Areas when evaluating the fibre supply for 
commercial lignocellulosic ethanol producers. In this projection, biomass 
accumulates for a number of years but then falls dramatically after 2018 when 
annual allowable cuts are reduced due to the reduced merchantable timber 
inventory created by the elevated harvesting levels in response to the mountain pine 
beetle infestation. By 2022, a deficit in available biomass is expected as pulp mills 
continue to consume biomass in the face of declining sawmill production. 
Furthermore, lumber industry analyst Russ Taylor predicts Canadian lumber 
production will drop to under 25 billion board feet from the recent peak of 35 billion 
board feet within the decade (Phillips 2010). 
Scenario analysis by the Forest Analysis and Inventory Branch (2007) forecasted that 
annual allowable cuts will decline to near the pre-uplift levels by 2012 eventually 
reaching 25.1 ~illion cubic metres per year by 2018 (Figure 3- following page). 
However, 184 million cubic metres of dead wood past the usable shelf-life for 
sawlogs is forecast to be left unused over the next 20 years, while 261 million cubic 
metres are forecast to be left in unharvested pine-dominated stands. Meanwhile, 
new annual allowable cut uplifts may be possible in timber supply areas that have 
not yet experienced the peak in mountain pine beetle mortality (e.g. Mackenzie 
TSA) which could provide additional sawlog volumes to extend the harvesting 
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rates. The analysis also suggests that annual allowable cuts could start declining in 
some mountain pine beetle affected timber supply areas within 4 to 5 years. 
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Figure 3. Timber Supply Forecast by Forest Analysis and Inventory Branch9 
2.5.2.2 Biomass from Young Stands 
50 
Young stands are currently affected by the mountain pine beetle epidemic and may 
put downward pressure on the mid-term timber supply projections (Forest Analysis 
and Inventory Branch 2007). However, there is a great deal of uncertainty about the 
impact of beetle-induced mortality on young stands. The impact may be as little as 
4 to 5%, but if the level of mortality in young stands observed in the Prince George 
and Vanderhoof Forest Districts is more typical, then negative impacts to mid-term 
9 (Forest Analysis and Inventory Branch 2007, 15) 
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timber supply may be in the order of about 20 % (Forest Analysis and Inventory 
Branch 2007). 
2.5.3 Costs of Fibre 
The relative cost of wood fibre is divided along the lines of sawmill residuals, forest 
residuals, and standing timber. The costs of these sources are tied to lumber, pulp, 
and pellets market conditions, making costs highly variable. However, sawmill 
residuals are generally accepted as the lowest cost fibre source, followed by forest 
residuals and lastly harvested timber. Table 16 in Appendix A gives a detailed 
breakdown and comparison of average costs estimates for forest residuals and 
harvested timber across a number of districts in the central interior. These costs are 
based on current appraisal policy and therefore assume delivery of wood fibre to the 
nearest established sawmill milling facility. One item that was not included was the 
stumpage cost of the fibre . 
2.5.4 Shared Demand for Fibre 
Wood pellet production and power generation from wood fibre are the most 
noticeable industrial expansions in the areas affected by the mountain pine beetle 
infestation. As of 2008, five wood pellet and four bioenergy power generation 
facilities have been established in the central interior (Ministry of Energy, Mines and 
Petroleum 2008). Locations include Houston, Mackenzie, Vanderhoof, Prince 
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George, Quesnel, and Williams Lake. One of the driving forces behind building 
pellet plants and bioenergy power generators is the legislated retirement of beehive 
burners and the resulting need to dispose of mill wastes. However, the rapid 
expansion of the pellet market did not occur until the energy price spikes of 
2005(Sommerauer 2009) and the increased demand for renewable energy in 
northern Europe due to government programs aimed at increasing biomass energy 
uptake (Stennes and McBeath 2006). Currently, most plants are located close to 
lumber production facilities and share demand for wood residues with pulp and 
paper mills. Figure 5 in Appendix A identifies the location of pellet, power 
generation, and other bioenergy facilities in British Columbia. 
2.6 Government Policy 
The British Columbia government has a number of initiatives that could impact the 
viability of charcoal production in the province. These include the introduction of 
receiving licenses, stand-as-a-whole pricing, the BC Bioenergy Strategy, the Air 
Action Plan, and the Climate Action Plan. 
Early in 2010, the Ministry of Forests and Range (2010) announced its intension to 
introduce receiving licenses and stand-as-a-whole pricing. A receiving license is a 
mechanism intended to provide biomass consumers the ability to accept the cut-
control charges for wood purchased from another tenure holder in order to allow 
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the biomass consumer to acquire fibre without getting into the timber harvesting 
business (B.C. Ministry of Forests and Range 2010). Stand-as-a-whole pricing is a 
stumpage pricing model for lower valued standing timber, such as mountain pine 
beetle killed wood, where one lump sum price is paid for the harvesting unit versus 
pricing by the cubic metre of volume harvested (B.C. Ministry of Forests and Range 
2010). The reason behind these actions is to provide companies with an incentive to 
utilize more of the fibre on a cutblock, instead of piling and burning the residuals 
upon completion of harvesting. 
The Government of British Columbia released a Bioenergy Strategy in 2008 with 
goals to reduce green house gas emissions, strengthen long-term competitiveness, 
and promote electrical self-sufficiently for the province (B.C. Ministry of Energy, 
Mines and Petroleum Resources 2008). Under this strategy, British Columbia 
biofuel production is intended to meet 50 % or more of the province's renewable 
fuel requirements by 2020. Also included in the plan is the development of at least 
10 community energy projects by 2020 to convert local biomass into energy. 
The Air Action Plan is intended to improve air quality across British Columbia 
(Government of British Columbia 2008). According to the Plan, the polutants 
targetted include sulphur dioxide, volatile organic compounds, nitrogen oxides, and 
particulate matter pollution. Particulate matter is of particular interest given that it 
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is emitted directly into the atmosphere by sources such as wildfires, woodstoves, 
agricultural and forestry burning, transportation, manufacturing, and power 
generation. As part of the Plan, government is working with industry on a number 
of actions to improve air quality. These actions include (Government of British 
Columbia 2008): 
• Encouraging companies to use the cleanest available practices and 
technologies by introducing new policies that will support the use of the best 
available, economically feasible pollution-control technologies in all new or 
expanding industrial facilities, 
• Developing economic instruments to influence industry behaviour and 
choices by providing financial support to aid in the development of new 
ideas and technologies. One example is the cap-and-trade system that is 
being designed under the Western Climate Initiative, 
• Creating a matching-funds incentive program to support the development 
and piloting of innovative production and control techniques, pilot projects 
for alternative fuels, and control technologies to reduce emissions from 
industrial operations, 
• Working with mill owners to transition away from the use of beehive 
burners, 
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• Promoting better burning techniques for the disposal of wood waste within 
the forest industry, 
• Developing a cost-shared incentive program that supports new and 
innovative burning methods, including pilot projects for the use of 
sophisticated smoke and venting tools, alternative burning practices, and the 
implementation of emerging technologies to reduce harmful emissions. 
Under the Climate Action Plan (Government of British Columbia 2008), the 
government passed legislation to reduce greenhouse gas emissions and prepare for 
the new low-carbon realities of the future . This legislation includes: 
• The Greenhouse Gas Reductions Targets Act to set greenhouse gas reduction 
targets, 
• The Greenhouse Gas Reduction (Cap and Trade) Act to enable a cap and 
trade system, 
• The Greenhouse Gas Reduction (Renewable and Low Carbon Fuel 
Requirements) Act to encourage the development of renewable forms of 
energy and decrease the carbon content of fuels, 
• The 2008 Utilities Commission Amendment Act, to encourage more low-
carbon energy generation projects. 
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2.7 Funding 
Project funding can be obtained in many different ways and from a variety of 
sources. These include private financing, grants, and non-government sources. 
BIOCAP CANADA (2008) compiled a snapshot of funding sources when preparing 
the provincial bioenergy information guide. Though targeted at bioenergy, the 
guide provides a number of sources that may also be applicable to charcoal 
production, as well as offering advice on funding start-up projects. Appendix B 
contains an amended list of these applicable sources. 
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3 Analysis 
The analysis of the societal and task environment variables was compiled into two 
figures. The first figure was constructed using Porter's Five Competitive Forces 
approach to industry analysis to identify the forces driving competition in for 
charcoal producers in the task environment (Appendix C). For the Porter's Five 
Competitive Forces analysis, the various elements of each competitive force were 
evaluated as either a force for competitive advantage or a potential risk posed to 
charcoal producers. It should be noted that certain elements identified during the 
literature review require more research before a decision as to competitive 
influences can be made and are therefore identified as such in the figures. 
The second figure is a PEST analysis of the variables present within the societal 
environment (Appendix D). An approach similar to the Porter's Five Competitive 
Forces analysis was taken with the PEST analysis. In this case, elements were 
identified as either variables that could be maximized in support of charcoal 
production or that needed to be addressed prior to starting a production enterprise. 
When analyzing the various forces and variables identified during the literature 
review, it was assumed that wood-charcoal production is a segment within the 
larger bioenergy industry. This was based on the primary use of wood charcoal as 
an energy source and that it is a direct competitor with fossil fuels in certain 
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markets, but also due to the shared competition with various bioenergy producers 
for the same biomass feedstocks. 
3.1 Porter's Five Competitive Forces Analysis 
The threat of potential entrants is deemed as high due to the overall negative 
competitive forces of fibre availability. Government policy that reduces access 
constraints to residual wood fibre in support of bioenergy is a risk. By creating an 
opportunity for all bioenergy producers, competition is increased via lower barriers 
to the same wood fibre needed by charcoal producers. Meanwhile, short-term BCTS 
tenures and remote bioenergy tenure locations negatively affect all industry 
participants by increasing competition and costs. 
The overall power of buyers appears to be relatively weak. This based on the 
variety of markets and products identified. However, certain elements of 
substitution may influence this power. In particular, fossil fuels are a substitute 
energy source for charcoal. 
The threat of substitutes is a risk for charcoal producers. As mentioned prior, fossil 
fuels substitute for charcoal as an energy source. In addition, coal is superior to 
wood for making activated charcoal for filtering drinking water 
Rivalry between existing firms is also a negative competitive force. Six of eight 
elements are deemed to increase rivalry. In this case, the availability of wood fibre 
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(three elements) is the most significant force affecting competition between firms. 
These include declining availability of bioenergy tenures, the short to mid-term 
availability of mountain pine beetle killed wood, and the competition for sawmill 
residuals. Minor elements that increase rivalry include one existing charcoal 
producer in the central interior of British Columbia and the potential to produce 
charcoal as a by-product of fast pyrolysis. 
Fibre availability is also an important element affecting the power of suppliers. Two 
of four elements reduce the ability of charcoal producers to negotiate with suppliers 
in order to secure wood feedstocks. The strongest elements are the constrained 
access to fibre due to long-term tenures held by licensees and government control 
over most of the forested land base. 
3.2 PEST Analysis 
Economic forces in the societal environment are seen as generally favouring 
charcoal production. Fibre availability is a significant economic force in this 
environment as well, but as opposed to the task environment, the variables 
associated with fibre supply favour charcoal production. The availability of a 
number of funding sources is also favourable however it is tempered by past 
operational failures. The high unemployment levels in the forest sector and the 
economic downturn are seen as positive forces as they have resulted in government 
41 
policy that is encouraging economic development. Lastly, the large import markets 
for charcoal in Canada and Unites States represent a positive force for establishing a 
domestic industry. 
Political-legal forces have also created a positive environment for the production of 
charcoal. Changes in tenuring and pricing represent the most positive political-legal 
variables with policy announcements for tenures that will increase access to residual 
wood fibre (receiving licenses) and stand-as-a-whole pricing that will encourage 
increased utilization of residual fibre. However, provincial policy initiatives such as 
the BC Air Action Plan, BC Bioenergy Strategy, and BC Climate Action Plan have 
both positive and negative elements with the BC Air Action Plan representing the 
most favourable variable. 
Technology does not represent either a strong positive or negative force in the 
societal environment. While research into uses for and products from charcoal are 
ongoing, certain elements such as using charcoal for anodes and biochar are still not 
ready for use at a commercial level. The lack of development of modern, more 
efficient slow pyrolysis technology in the production of charcoal is certainly a 
negative force. 
The socio-cultural force of consumer activism is also quite weak. While it is 
generally accepted that green products are desired by a large segment of consumers, 
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third-party research does not support the assumed carbon-neutrality of charcoal and 
other bio-fuels. 
Based upon these analyses, forces in the societal environment are deemed to favour 
charcoal production in British Columbia. However, competitive forces in the task 
environment are decidedly against charcoal production. A detailed discussion of 
these elements follows. 
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4 Discussion 
4.1 Biomass Availability and Competition 
The availability of biomass is both an opportunity and challenge for potential 
charcoal producers and may present a strong barrier to entry for firms wishing to 
produce charcoal. The NWBC volume offer is a long-term opportunity for securing 
biomass but it is standing, unharvested timber, and therefore an expensive wood 
fibre source compared to sawmill and forest residues. The mountain pine beetle 
epidemic has created a large volume of available fibre that is expected to last for 
approximately the next 20 years. This represents a short-to mid-term opportunity as 
various bioenergy tenures, timber sale licenses, and receiving licenses are expected 
to reduce barriers for accessing this fibre source and increase its utilization by 
providing biomass consumers with the ability to obtain tenure. However, the 
availability of bioenergy tenures has declined by 40% since 2007 and is among the 
most expensive of wood fibre sources as it is standing timber. In addition, most of 
this volume is located in remote areas which will prove a challenge for determining 
a viable location for a charcoal production facility both in regards to the costs of 
transporting wood fibre for processing and shipping charcoal or finished products 
such as briquettes to market. Receiving licenses, while expected to facilitate 
increased access to forest residuals, has yet to be implemented by the provincial 
government with few details available as to specific make-up of the licence. 
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Therefore uncertainty exists as to how effectively this process will accomplish its 
intended goals. Timber Sale Licenses also carry a significant amount of risk due to 
the limitations indentified in the results. In addition, competition and costs for TSLs 
can be expected to increase as mountain pine beetle killed wood availability 
declines. 
The comparatively lower costs and abundance of harvesting and sawmill residues is 
a short-term opportunity that will eventually become a long-term challenge for 
charcoal producers. Pulp mills and bioenergy facilities are already located 
throughout most of the central interior, all of which are in close proximity to 
existing sawmilling centres. This puts potential charcoal producers in direct 
competition with these facilities for sawmill residues. 
The relative abundance of residuals available to biomass consumers (pulp, 
bioenergy, and charcoal producers) will influence the level of rivalry between firms. 
While a surplus of residuals does exist in the current market place, this fibre surplus 
is expected to decline to the point of a fibre deficit within the next 20 years as 
sawmill production slows in relation to the declining availability of mountain pine 
beetle killed wood. The declining sawmill production will also have the result of 
reducing the amount of forest residuals available. Once this deficit occurs, increased 
45 
competition between biomass consumers should be expected to rise and therefore 
increase the cost of all wood feedstocks in the long-term. 
Potential charcoal producers that do not hold their own tenures may be forced to 
negotiate with existing tenure holders for access to forest residuals as the majority of 
standing timber is controlled by long-term tenure holders. If access is gained 
through an agreement such as a receiving license (which has yet to be implemented 
along with stand-as-a-whole pricing), the proximity of cutblocks to a stationary 
charcoal production facility would be controlled by the tenure holders, not the 
charcoal producers. The same can be said for timber sale licenses where size, 
location, distribution, and duration are determined by a number of geographically 
separate Timber Sales Offices serving a multitude of clients. This leaves a significant 
portion of the control of wood fibre costs in the hands of outside entities with self-
interests that may or not align with that of the charcoal producers. 
Other opportunities exist to produce charcoal from municipal solid waste and 
agricultural biomass. However, these represent the smallest biomass sources and 
more work is required to determine the distribution and cost of these feedstocks. 
Until that work is completed; wood fibre represents the greatest opportunity for 
sourcing biomass. 
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4.2 Markets and Products 
A number of markets are available to potential charcoal producers due to the variety 
of products that can be made from charcoal. The production of activated wood 
charcoal and charcoal briquettes appear to be the two consumer market 
opportunities most readily available. The potential of wood-based activated 
charcoal is supported by the absence of North American producers combined with 
the import restrictions on activated wood charcoal produced in China. Charcoal 
briquettes are the single largest charcoal product imported into British Columbia, 
Canada, and the United States. It should be noted that since lump charcoal is a 
specialty product made primarily from hardwoods, it does not represent the same 
opportunity as briquettes given that the most ready available wood feedstocks in the 
interior are from softwoods. However, given the presence of alder, birch, and other 
various hardwoods in the forests of central British Columbia, further research and 
analysis is required to explorer what market opportunities may exist. In addition, 
consumer and industrial markets for biochar and wood-based carbon anodes cannot 
be considered realistic opportunities as these products are currently under research. 
It is important to note that substitutes exist for activated wood charcoal and 
briquettes which will influence the viability of each. Further risk is added by the 
fluctuating value of the Canadian dollar which will influence price competition with 
imported charcoal products, as well as affect the ability of British Columbia charcoal 
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producers to export to the United States and elsewhere. Detailed market research is 
required to further explore the opportunities presented by these products as well as 
an economic analysis of each product's economic viability. 
Socio-cultural forces may have an influence on the viability of charcoal markets as 
well. Third-party certifications of sustainable forestry practices and as well as the 
potential for charcoal production to be carbon neutral is an opportunity for charcoal 
producers to tap into environmentally-conscious consumers or industrial users of 
fossil fuels looking to reduce their carbon footprint. However, this will require 
careful carbon-footprinting by charcoal producers before products can be claimed as 
low-emitting or carbon neutral. There may also be potential for British Columbia 
charcoal producers to have a lower carbon footprint than imported charcoal due to a 
closer proximity to markets and hence lower emissions due to transportation. 
4.3 Technologies and Production 
The lack of new or commercialized, industrial slow pyrolysis technologies will 
prove a challenge for potential charcoal producers. Domestic developers of 
pyrolysis processes have concentrated on fast pyrolysis/gasification of wood fibre 
and other biomass. This leaves potential charcoal producers to develop their own 
systems based upon available literature and information or try to obtain processes 
developed by existing foreign charcoal producers. Given the short time frame for 
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which the mountain pine beetle fibre is available, the notion of developing a 
production process independently does not appear realistic. Also, the technologies 
for the pelletization of wood fibre and co-generation are well developed and already 
commercially established in the central interior of British Columbia. Therefore, 
these bioenergy technologies are best positioned to take advantage of the surplus 
sawmill residues. 
The work done by Agri-Therm in developing portable pyrolyzing equipment does 
present an interesting opportunity. Part of the high cost of harvesting timber for 
bioenergy is the delivery of the unprocessed biomass. If a portable system could be 
used to process the biomass either in the cutblock or in an area central to a number 
of cutblocks, transportation costs per unit of raw biomass may be reduced. This 
would likely reduce the cost of acquiring forest residuals as well, and increase the 
opportunity to utilize them. This is particularly applicable to the remote locations of 
the remaining bioenergy tenures. This would enable charcoal producers to avoid 
competing with current biomass consumers for sawmill and forest residuals and 
standing timber on the low end of the cost spectrum. 
Any charcoal production facility will have to face the challenge of complying with 
the provincial government's policies for air quality, reducing emissions, and battling 
climate change. These policies effectively rule out the use of simple kilns for the 
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production of charcoal unless it entails the use of stationary kilns fitted with 
afterburners. Therefore, producers will need to look to use semi-continuous systems 
and continuous systems that use evolved gases to fire the carbonization process and 
thus lower overall production emissions. 
4.4 Funding 
The large number of funding sources that are available for charcoal projects that can 
be tied to bioenergy, research, or community development is a definite opportunity 
for charcoal producers. This availability of public funding is important as past 
failures to establish charcoal production in British Columbia and Saskatchewan 
combined with the recent global economic slowdown may prove a barrier to bank 
financing or attracting other private investors. High levels of unemployment in BC 
combined with job losses in the forest sector could prove favourable for a firm that 
can tie development of a production facility to community sustainability. As well, 
the absence of new modern technologies for slow pyrolysis combined with few 
commercially available industrial processes could be leveraged for support if tied to 
developing new commercial-scale technologies. 
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5 Conclusion 
This project was undertaken with the goals of evaluating the potential of producing 
wood charcoal and determining whether it is a viable option for diversifying the 
forest based economy of the central interior of British Columbia. With these goals in 
mind, three questions were posed to guide the literary review. What has prevented 
the prior establishment of a charcoal industry in British Columbia? Is a charcoal 
facility sustainable as a standalone operation or is it viable only as a support 
structure to a larger sawmilling operation for disposal of mill wastes? Is it a viable 
alternative for disposing of mill wastes when competing with co-generation, 
pulping, and pellet faculties for fibre? 
The research did not yield specific reasons for why charcoal production has not 
occurred in the central interior British Columbia previously. Therefore, one is left to 
conclude that the conditions that make charcoal production attractive now did not 
exist in the past. Until legislation mandated the decommissioning of beehive 
burners, there was little incentive for sawmills to find alternative means of disposal 
of mill wastes. Now with the mountain pine beetle infestation, there is enough fibre 
available for charcoal producers in the short to mid-term despite the presence of 
pulp and bioenergy producers. Also, provincial government policies are not an 
obstacle as charcoal appears to fit within the realm of "bioenergy" and therefore 
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proposals should be eligible for support through various initiatives. Lastly, large 
domestic and U.S. markets for charcoal are available. 
In regards to the second and third questions, forces in the societal environment are 
deemed favourable to charcoal production but as identified in the discussion, more 
work on a number of fronts is required in order to overcome elements of the 
generally negative task environment. Due to this, charcoal production is not 
currently positioned to be a major player in the diversification of the forest industry 
in British Columbia. 
At this point in time, it is recommended that firms interested in charcoal production 
investigate further the availability of portable pyrolysis processes. This 
recommendation is based on the short time frame for taking advantage of the excess 
fibre created by the mountain pine beetle epidemic and that remaining long-term 
bioenergy tenures are in remote locations. This presents the best opportunity to 
avoid direct competition with established biomass consumers such as bioenergy 
producers and pulp mills. However, further work is required to examine the 
economics of such remote locations and what scale of operation would be 
appropriate. 
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7 Appendices 
7.1 Appendix A 
Canadian Trade in Wood CharcoaP0 
Type 
Bamboo Charcoal (including nut/shell charcoal) 
Wood & Bamboo Briquettes (including nut/shell charcoal) 
Wood Charcoal (including nut/shell charcoal) 
Total 
Table 7. Canadian Imports of Charcoal in 2008($CDN) 
Country Value %of Trade 
United States $ 6,757,721 74% 
Netherlands $ 872,873 10% 
China $ 777,598 9% 
Argentina $ 171,107 2% 
Mexico $ 163,955 2% 
Total $ 8,743,254 96% 
Global $ 9,116,882 1000/o 
Value 
$ 342,267 
$ 6,944,300 
$ 1,830,315 
$ 9,116,882 
Table 8. Top 5 Charcoal Exporting Countries to Canada ($CDN) 
Country Value %of Trade 
United States $ 639,569 97% 
United Arab Emirates $ 10,216 2% 
Saint Pierre and Miquelon $ 3,656 1% 
Australia $ 3,000 0% 
Total $ 656,441 100% 
Global $ 659,593 100% 
Table 9. Top 5 Importing Countries of Canadian Wood Charcoal ($CDN) 
%of Trade 
4% 
76% 
20% 
100% 
10 Tables prepared by the author with data sourced from Statistics Canada via Trade Analyser@ 
CHASS, University of Toronto 
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British Columbia Trade in Wood Charcoal11 
Type 
Bamboo Charcoal (including nut/shell charcoal) 
Wood & Bamboo Briquettes (including nut/shell charcoal) 
Wood Charcoal (including nut/shell charcoal) 
Total 
Table 10. BC Imports of Charcoal in 2008 ($CON) 
Country Value %of Trade 
United States $ 358,375 76% 
China $ 37,180 8% 
Japan $ 18,388 4% 
Netherlands $ 17,731 4% 
Mexico $ 13,308 3% 
Total $ 444,982 95% 
Global $ 470,070 100% 
Value 
$ 
$ 
$ 
$ 
Table 11. Top 5 Charcoal Exporting Countries to BC in 2008 ($CON) 
Country Value %of Trade 
Australia $ 3,000 100% 
Total $ 3,000 10001'6 
Global $ 3,000 10001'6 
Table 12. BC Exports of Wood Charcoal in 2008 ($CON) 
%of Trade 
57,578 12% 
230,864 49% 
181,628 39% 
470,070 100% 
11 Tables prepared by the au thor with data sourced from Statistics Canada via Trade Analyser @ 
CHASS, University of Toron to 
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Industrial Products and Markets for CharcoaP2 
Chemical Industry 
- carbon disulphide 
- sodium cyanide 
- metallic carbides 
- silicon carbide 
Iron and Steel 
- iron smelting 
- high purity irons 
- ferro silicon 
-silicon 
- sintering and ore benefication 
Metallurgy 
-foundry operations 
- copper smelting 
- tin smelting 
- specialised metal smelting and casting 
-electric furnace electrodes 
- sintering operations 
Gas Generators 
- gas for motor vehicles 
- gas for stationary engines 
-gas for carbonated drinks 
Activated Carbons 
- medical treatments 
-agent for improving soil conditions 
-water purification 
- pollution control 
- gas purification 
-solvent recovery 
-distillation columns 
- ageing of distilled spirits 
- pharmaceuticals 
- food industry 
- softdrinks 
-catalyst 
- wine processing 
- electric batteries 
- cigarette filters 
- sugar industry 
Miscellaneous 
- animal feed additives 
- soil conditioners 
- tobacco curing 
- fruit drying 
- arts and printing industry 
-fireworks 
- black powder explosives 
Figure 4. Industrial Products and Markets for Charcoal 
12 Tables prepared by the author (Chow and Dai 2008; Industrial Charcoal Making 1985) 
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Annual Supply of Volume Available from the NWBC Coalition 
Volume 
(m' ) 0 Hemlock Balsam Spruce Cedar Pine 0 
North Coast 
Saw log 269,410 75% 41% 28% 6% 24% 0% 
Fibre (pulp) 89,882 25% 60% 19% 5% 17% 0% 
359,292 
Upper Nass/ Stewart/ Cassiar 
Saw log 392,668 60% 35% 34% 18% 0% 13% 
Fibre (pulp) 260,055 40% 58% 38% 4% 0% 1% 
652,723 
Terrace/ Lower Nass 
Saw log 597,778 61% 50% 32% 7% 10% 1% 
Fibre (pulp) 377,751 39% 75% 20% 2% 3% 0% 
975,529 
Hazelton/ Kitwanga 
Saw log 396,906 56% 44% 35% 10% 8% 3% 
Fibre (pulp) 310,206 44% 50% 36% 6% 5% 3% 
707,112 
Total annual 2,694,656(m3) 
Table 13. Annual Supply of Volume Available from the NWBC Coalition13 
13 (Northwest BC Forest Coalition 2009) 
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Potential Annual Allowable Cut Available for 20-year Bioenergy Tenures in 2007 
Timber Supply Area Potential AAC available for 20-year bioenergy 
tenures 
Quesnel 725,000 m3/year 
Williams Lake 700,000 m3/year 
100 Mile House 225,000 m3/year 
Merritt 200,000 m3/year 
Kamloops 200,000 m3/year 
Lakes 300,000 m3/year 
Morice 225,000 m3/year 
Prince George TSA 1,300,000 m3/year 
Prince George district Nil 
Vanderhoof district 300,000 m3/year 
Fort St. James district 1,000,000 m3/year 
INTERIOR TOTAL 3,875,000 m3/year 
Table 14. Timber Supply Areas and Correlating Potential Annual Allowable Cut- 200714 
14 (Sinclair 2009) 
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Potential Annual Allowable Cut Available for 20-year Bioenergy Tenures in 2009 
Williams Lake 700,000 m3/year 
100 Mile House 100,000 m3/year 
Prince George TSA 750,000 m3/year 
Prince George district Nil 
Vanderhoof district Nil 
Fort St. James district 750,000 m3/year 
INTERIOR TOTAL 1,550,000 m3/year 
Table 15. Timber Supply Areas and Correlating Potential Annual Allowable Cut- Updated 
October 200915 
15 (B.C. Ministry of Forests and Range 2009b) 
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Existing Bioenergy Facilities in BC - 2008 
0 
Atlin 
Fort St.John 
Exist ing Bioenergy Facilrties 
• • 
Figure 5. Existing Bioenergy Facilities in BC - 200816 
16 (B.C. Ministry of Energy, Mines and Petroleum Resources 2008) 
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Average Cost Estimates by Forest District 
Estimated Average Total Cost $/m3) 
Option1 : Material Option 2: Material came 
District gathered from Road Side from fu ll harvesting 
100 Mile House 12.90 36.62 Option 1: If material was gather from road side 
Cascades 13.15 37.37 Cost= loading ($1 for road use + $5 for loading) 
Central Cari boo 14.95 40.82 +truck haul 
Chilcotin 21 .75 52.33 
This doesn't include any cost estimate for sorting, 
ch ipping or grinding or a contribution to primary 
Okanagan Shuswap 14.52 38.50 logging (including processing) 
Quesnel 14.36 38.29 
Kamloops 13.44 36.11 Option 2: If material came from full harvesting 
Nadina 15.26 37.73 Cost= tree to truck+ truck haul +road management 
Prince George 11 .91 33.37 + water & special transportation +development 
Fort St. James 11 .28 34.58 +administration +silviculture+ $1 for road use 
Vanderhoof 11.11 34.59 
Table 16. Average Fibre Cost Estimates by Forest District17 
17 (B.C. Ministry of Forests and Range n .d .) 
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7.2 Appendix B - Funding 
The following is excerpted from a list compiled in the Bioenergy Info Guide 
published by the Ministry of Energy, Mines and Petroleum Resources and the 
Ministry of Forests and Range (BIOCAP CANADA 2008) outlining that funding 
sources available to bioenergy projects. 
Private Financing 
• Bankloans 
• Risk capital 
• Investment funds 
• Renewable energy companies 
• Community ownership (see the Guide to Developing a Community 
Renewable Energy Project in North America by the Commission for 
Environmental Cooperation, (http:/ /www.cec.org/Storage/57/ 
4933_QA0608_Guide_Community_RE_en.pdf) 
Grants 
• Federal Funding Sources 
~ Sustainable Development Technology Canada (SDTC, www.sdtc.ca 
~ Technology Early Action Measures (TEAM, www.team.gc.ca) 
~ The Canadian Biomass Innovation Network (CBIN, www.cbin.gc.ca) 
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~ Natural Resources Canada's ecoENERGY Technology Initiative 
(http://www2.nrcan.gc.ca/ES/OERD/English/View.asp?x=1603 
~ Canada Strategic Infrastructure Fund (www.infrastructure.gc.ca) 
~ Western Economic Diversification (www.wd.gc.ca) 
~ Northern Development Initiative Trust (www.nditrust.ca) 
~ EcoAction Community Funding Program (Pacific and Yukon Region, 
http://www. pyr.ec.gc.ca/ecoaction/index_ e.htm) 
• Funding for Municipalities and First Nations 
~ BC Local Government Infrastructure Planning Grant Program 
(http://www.cserv.gov.bc.ca/lgd/infra/infrastructure_grants.htm) 
~ BC's Municipal Rural Infrastructure Fund 
(http://www.canadabcmrif.ca/en/guide.htm) 
~ Innovations Fund & Strategic Priorities Fund 
(http://www. civicnet. bc.ca/ siteengine/ ActivePage.asp ?PageiD=294# gas%2 
Otax) 
~ Green Municipal Funds 
(http://www .sustainablecommunities.fcm.ca/GMF /) 
~ Municipal Finance Authority of BC (www.mfa.bc.ca) 
~ Towns for Tomorrow (www.townsfortomorrow.gov.bc.ca) 
~ Remote Community Electrification Program (RCE) 
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~ The Northern Development Initiative Trust (www.nditrust.ca) 
~ BC Hydro's First Nation and Remote Community Clean Energy Program 
(www2.news.gov .bc.ca/news_releases_2005-2009/2007EMPR0014-
000354.htm) 
~ Other grant programs applicable to local government can be found at 
Civic Info BC (http://www.civicinfo.bc.ca/18.asp). 
• Other British Columbia Programs and Initiatives 
~ The BC Energy Plan - $25 million Innovative Clean Energy Fund 
(http://www. bchydro.com/planning_regulatory I acquiring_power/bioener 
gy _call_for_power.html) 
Non-Governmental Funding Sources 
• The EnCana Environmental Innovation Fund 
(http://www .encana.com/responsibility I eif/index.htm) 
• Suncor Energy Foundation (http://www.suncor.com/default.aspx?ID=2729) 
• T erasen Energy Services 
• The Vancouver Foundation (www.vancouverfoundation.bc.ca) 
• The Victoria Foundation (www.victoriafoundation.bc.ca) 
• The Bullitt Foundation (www.bullitt.org) 
• The Endswell Foundation (www.endswell.org) 
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Consult the Canadian Directory of Foundations and Grants for more complete 
information (www.ccp.ca) 
Additional Income and Incentives 
• The Canadian government plans to introduce emissions trading for several 
air pollutants, including greenhouse gases, nitrogen oxides, sulphur dioxide, 
volatile organic compounds, and articulate matter (www.ecoaction.gc.ca) 
• Renewable energy certificates 
• ecoENERGY for Renewable Power (http://www.ecoaction.gc.ca/ecoenergy-
ecoenergie/power-electrici te/index -eng. cfm) 
• Class 43.1, Schedule II of the federal Income Tax Act allows accelerated write-
offs of renewable energy systems. Biomass energy equipment costs can be 
fully written off within the first two years of operation under this scheme. 
• BC Energy Plan - Standing Offer Program 
(http://www.bchydro.com/planning_regulatory/acquiring_power/standing_o 
ffer_program.html) 
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7.3 Appendix C- Porter's Five Competitive Forces Analysis of the Task 
Environment 
POTENTIAL ENTRANTS 
1 FibreAvailability 
- Government policy in support of bioenergy lowers barriers for entry and increases competition amoung 
biomass consumers 
- BC Timber Sales TSLs only available in short-term tenures 
- Random location of fibre across land base may affect costs 
2 Capital Requirements 
** Capital requirements dependent on scale of operation and process utilized 
POWER OF BUYERS 
1 No single buyer appears to dominate the market place 
+ Variety of markets appear to be available due to potential uses of wood charcoal 
2 Alternate Suppliers 
** Perceived consumer differentiation between charcoal briquette brands 
RIVALRY BETWEEN EXISTING FIRMS 
1 + No North American producers of activated wood cha rcoa I 
2 ** Price of cha rcoa I imports wi II affect the vi a bi I ity B.C. start-ups 
3 - Bioenergy tenures have dec I i ned by half over last two years 
4 - Mountain pine beetle killed wood is a time l imited resource 
5 - Competition for sawmill residuals with bioenergy producers and pulp mills 
6 - One producer of charcoal (Aiterna Biocarbon)located in central B.C. 
7 - Charcoal can be produced as a by-product of gasification processes 
8 - Bioenergy production already established throughout the central interior in close proximity to sawmills 
SUPPLIERS 
1 + BCTimberSalesofferinglump-sumsales 
2 - Majority of fibre supply tied up in long-term tenures belonging to major licensees 
3 - Sawmills may forward integrate into charcoal production from mill wastes 
4 - Government owns vast majority of the forested land base 
SUBSTITUTES 
1 + Wood charcoal viable alternative to coal-based charcoal for certain activated charcoal applications 
2 ** Wood charcoal as a substitute for coal coke 
3 - Coal-based charcoal more suitable for activated charcoal to filter drinking water 
4 - Fossil fuels a substitute energy source vs . charcoal 
KEY 
+ Denotes a force that could used to competitive advantage 
Denotes a force that poses a risk 
** Denotes an area that requires more research or impact will be determined by other forces 
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7.4 Appendix D -PEST Analysis of the Societal Environmental Variables 
ECONOMIC FORCES 
1 FIBRE AVAILABILITY 
+ significant volume of wood fibre ava i I able from 
the NWBC Coalition 
+ Large volume of pine may be I eft unharvested 
over the next 20 years 
+ Forest res iduals under utilized 
** Majorityofbioenergytenures located in remote 
areas 
2 AVAILABILITY OF FUNDING 
+ Large number of funding sources ava i lable i f 
projects a retied to bioenergy, research, or 
community development 
- Effect of past failures on the perceived risk to 
lenders 
3 UNEMPLOYMENT LEVELS 
+ High unemployment in B.C. & job losses in the 
forestry sector have increased the availability of 
labour 
+ Downturn in forest industry has resulted in 
incentives for other alternative uses of wood 
fibre 
4 LARGE DOMESTIC MARKETS 
+ B.C., Canada, and U.S. are I a rge importers of 
charcoal, particularly briquettes 
POLITICAL LEGAL FORCES 
1 PROVINCIAL POLICY INITIATIVES 
BC Air Action Plan 
+ Encourages sawmi II s to stop using beehive 
burners 
+ Low levels of NOx and S02 emissions vs . fossil 
fuels 
- Dust and odour common problem with 
production 
BC Bioenergy Strategy 
+ Majority of Government policy for use of 
residual fibre favours energy 
- Incentives for sawmills to build their own 
facilities 
BC Climate Action Plan 
+ Production has potential to be carbon neutral 
- Production releases carbon dioxide to the 
atmosphere 
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POLITICAL LEGAL FORCES CONTINUED 
2 CHANGES IN TENURES AND PRICING 
+ Receiving licenses may increase access to 
residua I fibre on cutbl ocks 
+ Stand-as -a-whole pricing may provide an 
incentive for tenure holders to provide access to 
residual fibre 
3 FOREIGN TRADE REGULATIONS 
+ Import restrictions on activated wood charcoal 
from China favours a domestic market 
TECHNOLOGICAL FORCES 
1 GOVERN'T SPENDING ON RESEARCH & DEVELOPMENT 
+ Grants available for research 
2 FOCUS OF EFFORTS 
+ CSIRO research in uses of charcoal 
- Developments in industrial pyrolysis centred on 
fast pyrolysis/gasification 
3 NEW PRODUCTS 
+ Energy pel I ets potentia I to rep I ace wood pel I ets 
** Studies of biochar for soil improvement & carbon 
sequestration 
** Carbon anodes for aluminum smelting 
4 NEW TECHNOLOGICAL DEVELOP'TS & AVAILABILITY 
- Most industrial processes not commercialized but 
designed by charcoal producers 
- No new industrial level technologies for charcoal 
production to improve efficiencies 
SOCIO-CULTURAL FORCES 
1 CONSUMER ACTIVISM 
KEY 
+ Green products desired by consumers 
- Research does not support the assumed carbon-
neutrality of bio-fuels 
+ Denotes a variable that could be maximized 
- Denotes a variable that needs to be addressed 
** Denotes an area that requires more research or 
impact will be determined by other variables 
